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Page 3 of 32 A c c e p t e d M a n u s c r i p t rounded ends, while B. anthracis cells with square ends are arranged in long chains that gives them a 66 particular look similar to "bamboo canes" (Fig.1) . Outside the body and at temperatures between 14°C and 67 42°C (optimum between 21°C and 37°C) B. anthracis will sporulate (Fig.2) . The spores are oval, and are 68 released after lysis of the bacterium. Sporulation is completed within 48 hours, but it does not happen in the 69 presence of high concentrations of CO 2 , a condition that occurs in infected putrefacting carcasses. 70
71

Culture media features 72
B. anthracis grows well in ordinary medium under aerobic or microaerofilic conditions, at temperature 73 between 12°C and 44°C, but optimal growth occurs around 37°C and at a pH of 7.0 to 7.4. 74
On nutrient agar it forms white colonies 3-4 mm in diameter with a rough surface, called "glass beads" 75 (Fig.3) , and with irregular margins that if observed at a small magnification have a medusa head appearance. 76
In tryptose broth there is a flocculation, which eventually settles on the bottom, leaving clear liquid above. 77
On blood agar it does not cause haemolysis, unlike other bacteria-like anthracoids, which haemolyze in a 78 more or less obvious way. It is normally sensitive to penicillin and various phages. When grown for 2 weeks 79 at a temperature of 42 °C it will loose its virulence in a specific manner (a.k.a. Pasteur vaccine strains). This 80 weakening is due to the loss of the pXO1 plasmid on which the toxic factors are encoded. The colonies of 81 attenuated strains are smaller, smooth, and convex. 82
83
Resistance 84
Vegetative forms are not very robust and they are inactivated within 30 minutes at 60°C -65°C (Turnbull, 85 1998) . The great strength of B. anthracis is linked to sporogenesis which is nothing else but a form of 86 bacterial resistance to living under unfavorable conditions. The spores are destroyed only after ten minutes at 87 boiling temperature but can withstand 98°C for 30 minutes (personal observation); they are destroyed in 20 88 minutes in an autoclave set at 121°C. Spores survive well in dried and salted hides, and at low temperatures. 89
The normal fixation techniques do not kill the spores, which can successfully germinate even after many 90 years, so it is necessary to flame slides several times before assuming the spores are dead. The spores are 91 sensitive to 2%-3% formaldehyde solutions at 40°C for 20 minutes, or 0.25% at 60°C for 6 hours, or at 4% 92 after a contact of at least 2 hours. The spores are destroyed by 5% phenol and mercury chloride, and 1% 93 solutions of caustic soda and potash. Spores in soil can persist for many years, but ultraviolet rays will 94 inactive them in a few hours. M a n u s c r i p t known to harbour B. anthracis (Leendertz et al., 2004) . It was characterized by an unusually high number of 174 sudden deaths observed over nine months in three communities of wild chimpanzees (Pan troglodytes resus) 175 in the Tai National Park, Ivory Coast. However, Bacillus strains associated with this outbreak were toxigenic 176
B. cereus and not typical B. anthracis. 177
Receptive animals 180 181
The sensitivity to anthrax varies considerably between the different animal species. In nature herbivores are 182 particularly susceptible and omnivores and carnivores are moderately resistant but still succumb. The species 183 most susceptible to infection, in descending order, are: cattle, sheep, horses, pigs, goats, and camels. Among 
198
Anthrax is not contagious from sick to healthy animals, but by the ingestion of spores dispersed into the 199 environment. It"s widely believed that the vegetative forms of B. anthracis sporulate when exposed to 200 oxygen. Under these assumptions it is assumed that in an intact carcass putrefactive processes should destroy 201 almost all bacteria in a period of time ranging from 48 to 72 hours (Stein, 1947a) . But rarely in nature are 202 carcasses of dead animals left undisturbed (Fig. 4) by scavengers. Since the carnivores are less susceptible to 203 the disease compared to herbivores, they can ingest larger quantities of infected meat and then spread spores 204 in their feces (Pienaar, 1967; Turnbull et al., 1989) . During an epidemic in Basilicata in the summer of 2004, 205 anthrax spores of the same genotype responsible of the epidemic were isolated from wild boar feces (not 206 published). In rural areas scavenger birds such as ravens (Corpus corax) and vultures (various spp), can 207 contaminate pastures or small bodies of water far from the original outbreak (Pienaar, 1967) . Another form 208 of pasture contamination occurs when necropsies are performed on-site by uninformed veterinarians or by 209 farmers salvaging the hide by skinning a carcass. Even if the carcasses are deeply buried, the spores can beM a n u s c r i p t conveyed to the surface by the ground water or by land movements (Turner, 1999) . In the past, washing 211 waters from tanneries and wool mills were run off in water courses or used as fertilizer. Today outbreaks are 212 associated with the use of soil contaminated forages produced on "champs maudit" contaminated land, and 213 to products of animal origin such as meat and bone meals derived from the inadequate processing of infected 214 carcasses. These products are very dangerous because they can cause unexpected outbreaks in conditions and 215 situations epidemiologically very different from the classic episodes of telluric origin. The danger is that they 216 can occur silently anywhere, even where anthrax is unknown, and at any time of the year. 217
218
Laboratory studies have shown, using mouse and guinea pig models, that stable flies Stomoxys calcitrans and 219
Aedes aegypti and Aedes taeniorhyncus mosquitoes are able to transmit the infection. The percentage of 220 transmission is very low (about 17% in the flies and 12% in the mosquitoes) but it is suspected that when the 221 insect population density is high, they could be an important vehicle in the spread of the disease (Turell and 222 Knudson, 1987) . The role of tabanid Haematobia irritans in the spread of the disease was confirmed in two 223 old scientific papers (Mitzmain, 1914; Morris, 1918 
230
The most common way of penetration by spores is via the digestive tract after the ingestion of spore 231 contaminated feed, forages, and water. The ports of entry are micro-wounds that can be found in the mucous 232 membranes of the mouth, pharynx and along the entire gastrointestinal tract. The infection can also occur 233 through skin abrasions or skin lesions that may be caused by haematophagous insects (e.g. biting flies) acting 234 as passive carriers or biological vectors. Although less frequent, spread is possible through the inhalation of 235 dust containing spores. The severity of the disease depends on the sensitivity of the host, on the infectious 236 dose, and on the route of penetration. Regardless of the route of penetration, it is considered that the spores 237 of B. anthracis are carried by macrophages from the initial site of entry to the draining lymph nodes. The 238 spores germinate, giving rise to vegetative forms that are capable of producing the main virulence factors: 239 toxins and capsule. 240
Whatever the route of infection, it is believed that B. anthracis spores are transported by macrophages from 241 the original site of introduction to draining lymph nodes and then enter the blood stream where they continue 242 to multiply rapidly . The pathogenicity of B. anthracis depends on the quality of the capsular coat and the 243 amount of toxins produced (Coker et al., 2003; Shoop et al., 2005) as well as on the sensitivity of the host 244 species (Smith, 1973) . In "Fisher 344" rats, the injection of the toxin causes death in about 30 minutes and a 245 severe pulmonary oedema can be seen. Rabbits experimentally infected with B. anthracis show respiratoryM a n u s c r i p t symptomatology due to the intense action of the oedematous toxin on the lung. The leakage of blood from 247 the nose is always just before or just after the death of the animal (personal observations). 248 249 250
Symptomatology. 251 252
Cattle and sheep 253
Bovine anthrax may be hyperacute or acute. In the hyperacute form animals are frequently found dead 254 without the owner noting any obvious premonitory signs. This usually occurs at the beginning of an 255 outbreak. In animals where clinical signs are observed, this will include fever, wheezing, congestion of 256 mucous, muscle tremors, and convulsions. Death is sudden from shock and occurs within a few hours and is 257 occasionally accompanied by the extravasation of blood from the nostrils, mouth, anus, and vulva. In the 258 acute form the disease is characterised by septicemia, high fever (41°C-42°C), and tachypnoea, congested 259 and haemorrhagic mucous membranes. Initially the animal may be excited, but this is followed by major 260 depression. There is a loss of appetite and ruminal stasis. Pregnant cows may abort and those lactating may 261 demonstrate a drop in milk production. Cutaneous oedema sometimes appears in the neck and ventral parts 262 of the chest and abdomen. The animals die in 48-72 hours from shock. 263
264
In the sheep the fulminant form is most common: the animals can die in a few minutes with convulsions. 265
Less acute affected animals stop eating, have high fevers, dyspnoea, muscle tremors and gnashing of teeth. 266
Sometimes they will emit a reddish foam from the mouth shortly before dying. 267
268
Equines 269
The clinical manifestations and the course of the disease are almost always of an acute form with death 270 occurring in 2-3 days. The disease develops with colic syndrome and septicemia associated with muscle 271 tremors, sensory depression, a very high fever, cyanosis, tachypnea, and tachycardia. 272
273
Pigs 274
This species is more resistant and the disease is usually subclinical (Smith, 1973) . It manifests as a localized 275 swelling in the pharynx -the so-called "anthrax angina"-or in the intestine. If the location is in the throat 276 there will be oedematous hot and painful swelling of the parotid region which may extend to the neck and 277 chest, depression and fever, with anorexia or dysphagia, and cyanosis of the mucous membranes. There may 278 be a profuse diarrhoea after an intestinal infection. When the lesions are severe, death occurs within 3-7 279 days. With only retropharyngeal or mesenteric lymph node inflammation the subject recovers. It seems that 280 the nature of the contaminated feed can play an important rule since a fibrous abrasive feed can kill while the 281 same spore dose in a soft feed will pass through the pig without apparent harm. (Ferguson, 1981) A c c e p t e d M a n u s c r i p t Septicemic anthrax includes oedema, haemorrhage and necrosis (Gleiser, 1967) . The lesions vary depending 290 on the route of infection, the sensitivity of the host, and the virulence of the bacteria. Thus some animals 291
show only signs of septicaemia, while in others just necrotic lesions occur (de Vos, 1994) . 292
293
Cattle and sheep 294
In ruminants the disease is characterised by splenomegaly, bleeding and diffuse oedema predominantly in the 295 connective tissues (Marcato, 1981) . The carcass rapidly decomposes and swells (de Vos, 1994); rigor mortis 296 is incomplete; and blood is dark red, is uncoagulable, and sometimes extravasates via natural openings 297 (nostrils, mouth, anus, vulva). The blood clots are gelatinous because the normal blood coagulation processes 298 are altered. This is accompanied by cyanosis and apparent mucosal bleeding, a gelatinous infiltration of the 299 subcutaneous connective tissue, and congestion of the serosa, often with hemorrhagic petechiae (Contini, 300 1995), which collect a blood coloured liquid, particularly in the peritoneum, pleura and pericardium. 301
Haemorrhages can be found throughout the internal organs. Sometimes small quantities of serum sweat from 302 tissues of the neck and inguinal regions (Marcato, 1981) . There may be blood mixed with urine in the 303 bladder (Contini, 1995) . The organ with the greatest changes is the spleen (de Vos, 1994), which has 304 congestive-hemorrhagic tumefactions in the red pulp as a result of septicaemia. There is a significant 305 increase in the volume of this organ and the capsule is tense; on dissection the pulp is red and black and the 306 white pulp hard to see (Marcato, 1981) . But splenomegaly is inconstant. The lesions may also affect the 307 intestine; the internal mucosa is hyperaemic and full of punctiform haemorrhages. There are round 308 tumefactions in the lymphoid tissue of the Peyer"s patches that are hemorrhagic-necrotic and ulcerative. The 309 lesions can extend to the mesentery. Hemorrhage and oedema may be found in relation to the pharynx, 310 larynx and lungs (Contini, 1995) . Sometimes there are cases of cutaneous oedema because of a local 311 infection (Marcato, 1981) . Sheep are less resistant than cattle and therefore in these animals the disease 312 develops faster. 313
314
Equines 315
In horses anthrax involves oedematous subcutaneous swelling of the neck, shoulders, chest, abdomen, and 316 perineum (Sterne, 1959) . The cutaneous oedema suggests a cutaneous reaction to bites from contaminated 317 horseflies. When there is an infection of the pharynx or intestine from contaminated feed or forage there is 318 often a diffuse hemorrhagic ulcerative enteritis. The regional lymph nodes are red and swollen withA c c e p t e d M a n u s c r i p t yellowish areas of necrosis. Splenic lesions will be absent if the animal dies as a result of local reaction, 320 without septicemia. 321
In pigs the primary lesions are located in the pharynx and intestine as a result of the ingestion of infected 324 meat leading to the formation of the so-called "angina anthrax". There is a hemorrhagic oedematous swelling 325 of the mucosa and sub-mucosa of the pharynx, glottis, peripharyngial tissues,and of the subcutaneous 326 connective tissue of the throat and neck (Henning, 1956 ). This is characterized by diphtheric membranes on 327 the surface and deep, hemorrhagic, necrotic, grey-yellowish grey-brownish processes (Marcato, 1981) . The 328 regional lymph nodes -sublingual, retropharyngeal, sub-parotid -increase to several times their normal size. 329
They are coloured dark red because of the adenopathy from the oedema, the iperemia, the haemorrhage and 330 secondary necrosis (Ferguson, 1981) . Anthracis pustules may form in the intestines and can be localised or 331 diffuse, with hemorrhagic areas of inflammation affecting the wall of the intestine and corresponding 332 mesentery. Only the mesenteric lymph nodes may be affected (Henning, 1956) . and epidemiological data. The ecology of the bacterium limits the distribution of the disease that is almost 339 always confined to the well defined territories, in which one can observe, with systematic cyclicity, sporadic 340 outbreaks usually involving a few animals (one or two on average), but the frequency of which tends to 341 increase during dry summers that follow very wet springs (Hugh-Jones, 1999). Less frequent and certainly 342 more dangerous are introductive events that affect animals living in fixed stables which contract anthrax by 343 eating contaminated food (usually forages) coming from high risk areas. This can and does happen in areas 344 normally deemed free of anthrax and commonly in winter when livestock needs extra feed which will have 345 to be purchased and may be contaminated. Thus, despite a careful epidemiological analysis, this can lead 346 health professionals to misdiagnose suspect cases and consequently, the subsequent inappropriate 347 management of infected carcasses that leads to an inevitable increase in the risk of infection in humans and 348 other livestock. (Kreidl et al., 2006) . 349
350
Differential diagnosis 351
In cattle anthrax should be differentiated from the following diseases: However one should consider any disease causing sudden death or hemorrhagic septicaemia. In horses we 358 should consider colic syndromes, because of their symptomatology and infectious anaemia and dourine, 359 because of the oedemas. However, in infectious anaemia, sublingual haemorrhages can be found. 360
361
Laboratory diagnosis 362
When taking a sample from a dead animal suspected of anthrax one needs to take precautions to prevent 363 human infection, bacterial sporulation and a resulting environmental contamination. From live animals blood 364 can be collected from the main superficial veins; while from dead animals, it can be taken from the 365 peripheral veins, such as in the ear after removal of the auricle with a hot knife; in this way the wound is 366 cauterized and the spilling of blood and contamination of the floor by spores prevented. The blood can be 367 either on a cotton swab or in a vacutainer; the former is better. When using a cotton swab the blood should 368 be allowed to dry, killing contaminants and encouraging any B. anthracis to sporulate. Putrefaction quickly 369 destroys vegetative B. anthracis, which can therefore be difficult to isolate from the carcasses just 48 hours 370 after death, especially in hot weather (Stein, 1947b) . Traditionally ears are collected as they are convenient 371 and far from the intestinal tract but a better sample are nasal turbinates which are well vasculated and 372 therefore should have plenty of spores but with minimal tissue that is only little affected by putrefaction. One 373 can also take serous liquids from oedematous areas and soft organs but these should be placed in leak-proof 374 containers. At low temperatures (5°C -10°C) it is possible to isolate the bacillus up to 4 weeks after death 375 (Whitford, 1979) . However, in reality the sample should be taken as soon as possible since decomposition 376 leads to the rapid disintegration of the bacilli. 377
378
In the case of sheep or goats, one can send the entire carcass to the diagnostic laboratory in a leak proof 379 container with a label indicating the suspected disease. This precaution must be taken even with single 380 organs, such as the spleen or a collection of lymph nodes (in particular the prescapularnode). When the 381 carcass is too dehydrated, which can present diagnostic problems, one can collect soil from the ground under 382 the animal that may have been contaminated by the leakage of blood and other body fluids from the natural 383 openings and seepage. It should be noted that the longer an animal has been dead the smaller is the 384 probability of getting a positive diagnosis, even with an experienced diagnostic laboratory. 385
-Microscopic test 387
A preliminary examination with an unstained fresh blood smear will highlight the presence of rod like forms 388 or typical "bamboo canes". The organisms are immobile and well capsulated. The slide may be fixed and 389 stained with Gram stain and B. anthracis is violet. Preferably one can use Giemsa stain which stains the 390 bacilli purple and the capsule a characteristic red mauve or with MacFadyean stain, which is blue methyl 391 polychromatic and stains the capsule pink. Löffler uses methylene blue to which K 2 CO 3 to 1% has been 392 added (Turnbull,1998) . For Bacillus anthracis this leads to the metachromatic phenomenon with the bacterialA c c e p t e d M a n u s c r i p t bodies stained blue while the capsule takes on a reddish colour. In the preparation of the slide one must take 394 care to pass the slide several times over the flame because the usual methods of fixing colours do not 395 inactivate the spores, which can represent a significant danger to the staff that will handle these microscopic 396 preparations. Anecdotally are stories of students getting cutaneous lesions from handling sharp-edged broken 397 
SNR markers (Kenefic et al., 2008). 496 497
The described genotyping methods can be understood in a hierarchical way. The SNPs being at low-power of 498 discrimination can be used for phylogenetic investigations. On the other hand VNTRs and SNRs have high 499 discriminatory powers. The first for its high diversity and homoplasia is able to correctly define the 500 genotype, while the latter searching for any signs of redundancy is considered suitable for identifying sub-501 genotypes. All the methods described are best performed by specialized laboratories experienced in 502 molecular biology . The Pasteur vaccine belongs to the first group and it is characterized by a plasmid pattern pX01 -/pX02
+ . The 513 inactivation of B. anthracis is a function of the growth conditions. Grown at 42°C for 21 days it produces an 514 attenuated strain, Pasteur vaccine type 1. It is not pathogenic for guinea pigs but it is pathogenic for mice. 515
.When grown at 42°C for 14 days it produces an attenuated strain that is more pathogenic than Pasteur 516 vaccine type 1. It is pathogenic for both guinea pigs and mice, but is not pathogenic for rabbits. Pasteur 517 vaccines should not produce toxic factors. Seroanalysis of goats vaccinated with Pasteur vaccine did not 518
show the production of specific antibodies (unpublished data). Pasteur vaccines were used in the past, and 519 they routinely produced a 3% mortality. Presently only a few countries still use this vaccine. In practice, the 520 preparations used were "hot", containing a mix of cap+/tox-and cap+/tox+ organisms, thus the mortality 521 noted historically can be explained in this way. 522
523
Sterne vaccine 524
The Sterne vaccine represents another group of vaccines. It was produced for the first time in 1939, and was 525 obtained by cultivating B. anthracis on a medium with 50% horse serum at 30% CO 2 atmosphere for 24 526 hours. It is very protective. This and similar vaccines are characterized by an elevated protective capacity 527 and very low residual virulence. The attenuation of these strains is due to the loss of plasmid pX02 encoding 528 the capsule synthesis; the spores germinate in the vaccinated animals and sufficient non-encapsulated 529 vegetative forms germinate and produce toxic factors which are then neutralized by phagocytes allowing the 530 synthesis of sufficient toxin to stimulate the protective immunity, but not sufficient to damage the host. 531
532
The animal vaccines that use Sterne strain 34F 2 are formulated with approximately 10 7 spores per ml 533 suspended in 0,5 ml 50% glycerine-saline. The protective effect of a single dose of strain 34F 2 vaccine is 534 expected to last about one year and an annual booster is recommended for livestock in endemic areas. Horses 535 and other equids can respond poorly and need two doses 4-8 weeks apart. South American camelids and 536 goats are very sensitive to Sterne and should be first vaccinated with a quarter-dose, followed 3-4 weeks later 537 by a full dose; the best procedure is that they are vaccinated in their tail fold. The duration of the protection 538 has never been systematically studied and is an area of research that needs to be studied in depth. Sterne 539 vaccine is less expensive compared to the recombinant vaccines and actually it represents the best vaccine 540 for routine anthrax control programs, especially if it is administered in the spring, to ensure the presence of 541 protective immunity during the summer months, when most anthrax outbreaks occur. Spring vaccinationA c c e p t e d M a n u s c r i p t should provide adequate protection in those countries where livestock is grazed on high pastures during the 543 summer but are exposed when coming down to their winter pastures at a lower altitude. 544
545
Third group of Bacillus anthracis vaccines: Carbosap strain 546
The strain "Carbosap" was obtained from Prof. Cilli"s research group in the "Istituto Vaccinogeno of 547 Asmara", during World War II. It was used from 1949 up to 2006 in Italy to immunize cattle and sheep and 548 then it was replaced by the Sterne vaccine. The PCR analysis using specific primers for the genes encoding 549 for PA, LF, EF and capsule showed the presence of both plasmids, pXO1 and pXO2 ( Fasanella et al., 2001) . 550
It has the same plasmid pattern of a pathogenic strain and shows no genetic difference in the DNA sequences 551 for the genes involved in the virulence (Adone et al., 2002) . Carbosap vaccine is pathogenic for mice and 552 guinea pigs but it is apathogenic for rabbits. 553
554
Emerging Vaccines 555
A recent recombinant vaccine, whose preparation requires expensive procedures, could be considered a 556 useful vaccine in cases of emergency or during an anthrax epidemic when it is necessary to induce high 557 levels of protective antibodies in a very short time. Used in conjunction with long-acting antibiotics 558 recombinant vaccines have the capacity to produce a rapid response at the same time as infections are 559 neutralized. (Fasanella et al., 2008) . The therapy is successful if it is applied as soon as possible after the animal is diagnosed to be ill, because it 568 has to prevent the production of toxins and antibiotics have no effect on toxins. In practice, therapy is 569 effective only in the early stages of the disease if it doesn"t have an hyperacute course. Antibiotic therapy in 570 humans is important. The current standard for anthrax inhalation post exposure therapy is ciprofloxacin twice 571 a day for 60 days (http://www.bt.cdc.gov/agent/anthrax/needtoknow.asp) (Food and Drug Administration. 572
Prescription drug products; Doxycycline and Penicillin G Procaine administration for inhalational anthrax 573 (post-exposure). Federal Register 2001;66:55679) (Friedlander et al., 1993) . However in a study of 65 574 isolates of B. anthracis to determine the patterns of antimicrobial susceptibility it was found that one isolate 575 of B. anthracis was beta-lactamase positive and resistant to penicillin. All B. anthracis isolates were 576 susceptible to chloramphenicol, ciprofloxacin, clindamycin, rifampicyn, tetracycline and vancomycin 577 (Mohammed et al., 2002) . In another study 22 B. anthracis isolates were tested for susceptibility to 27 578 antimicrobial agents by agar dilution. All isolates were sensitive to penicillins and did not produce betaA c c e p t e d M a n u s c r i p t lactamase. Although all isolates were sensitive to cefazolin, cephalothin, cephradine and cefoperazone, 19 580 isolates were resistant to cefuroxime, 18 to cefotaxime, 18 to ceftizoxime, 9 to ceftriaxone and 21 to 581 ceftazidime. All isolates were also found to be sensitive to ofloxacin and ciprofloxacin (Doğanay and Aydin, 582 1991). Coker and colleagues found that in a cluster-selective collection of 25 isolates 3/25 were resistant to 583 penicillin and 5 to cefuroxime. (Coker et al., 2002) However, unpublished results from testing some 1200 584 isolates showed that 3% to 6% were resistant to penicillin depending also on the region in the world the 585 isolate came from. This applied to other antibiotics and to phage resistance. Antibiotic and phage resistance 586
is not unusual, it is just not common. 587
588
There are many antibiotic options to eliminate an anthrax infection, but there are no therapeutic options to 589 combat the LF-mediated toxemia and the tissue destruction during an ongoing infection or during the 590 residual toxemia that persists even after the bacteria have been eliminated by antibiotics. Research on 591 inhibitors of toxins has led to the identification of various substances whose action appears to be effective. 592
Green tea extracts are rich in polyphenols and some of them are good inhibitors of LF in vitro and in vivo 593 found to inhibit both EF and LF binding to PA (Pini et al., 2008) . A powerful inhibitor of EF is adefovir 595 dipivoxil (Shen et al., 2004) . Using a rabbit model we tested EGCG and adefovir alone or in combination 596 with antibiotics to assess the possible therapeutic role of these potent inhibitors of both anthrax toxins. We 597 found that they are protective only if they are given in the very beginning of the infection (Fasanella and 598 Tonello, unpublished). This suggests that the role of toxins is critical for the initiation of pathology and that 599 therapy with toxin inhibitors may not be promising (Fasanella and Tonello, unpublished) . However, it has 600 been demonstrated that a small molecule, hydroxamate LF inhibitor, can ameliorate the toxaemia 601 characteristic of an active B. anthracis infection and might be a vital addition to our ability to combat 602 anthrax. (Shoop et al., 2005) . Finally, capsule-degrading enzymes favour the activity of neutrophils and other 603 components of innate immunity offering a new approach that may be effective against antibiotic and/or 604 vaccine-resistant strains. (Scorpio et al., 2008) . 605 606 607
Human anthrax 608 609
Man is usually resistant to acquiring infection, but when infected may show three different clinical forms: the 610 cutaneous, respiratory, and intestina forml. 611
612
The cutaneous form begins with the classic malignant pustule most often is localized to the face, neck, arms, 613 hands or legs. Most frequently this involves specific high risk occupations; i.e. farmers, butchers, tanners, 614 wool carders, shearers, and veterinarians. The most common exposure comes from skinning and butchering 615 cattle sick or dead from anthrax. At the point of entry of the germ -a pre-existing scratch -there is a skinA c c e p t e d M a n u s c r i p t redness which turns into a papule. Characteristically this lesion area is not painful. The surrounding area 617 appears hyperaemic and oedematous. The papule develops into vesicles that spontaneously or from 618 scratching break, and eventually it is covered with a black eschar. Sometimes the regional lymph nodes can 619 be inflamed. Cutaneous anthrax is easily treatable with antibiotics of choice, but if a pustule is neglected it 620 may evolve into a fatal septicemia. Some 10% of untreated cutaneous cases may die. 621
622
Intestinal anthrax results from the consumption of contaminated meat. Its symptoms include nausea, loss of 623 appetite, vomiting, and fever followed by abdominal pain, vomiting of blood, severe diarrhea, lesions and 624 soreness in the throat, difficulty swallowing, marked swelling of the neck and regional lymph glands. 625
Intestinal anthrax results in death in 25 percent to 60 percent of cases (Beatty et al., 2003) . The intestinal 626 form occurs less frequent and occurs in those developing countries where food safety controls measures are 627 de facto non-existent. A recent case occurred in an hamlet in Vietnam, where two families shared beef from 628 their two cows, which had died of an unknown cause. Those eating the meat started vomiting, complaining 629 of stomachache and suffering swollen legs. Two of them died in coma after being hospitalized 630 (http://www.promedmail.org). Thorough cooking will kill the vegetative cells and prior exposure does 631 provide some immunity so the attack rate in any incident is variable. 632
633
The respiratory or pulmonary form is the major cause of atypical haemorrhagic pneumonia starting with flu-634 like symptoms, characterized by fever, muscle pains, coughing, red nose, and bloody sputum. Untreated 635 cases are fatal. A study on the first ten confirmed cases of inhalational anthrax caused by an intentional 636 release of B. anthracis in the United States showed that the median incubation period from the time of 637 exposure to onset of symptoms was 4 days (range 4 to 6 days). Symptoms at initial presentation included 638 fever or chills, sweats, fatigue or malaise, a minimal or non-productive cough, dyspnoea, and nausea or 639 vomiting. All ten patients had abnormal chest X-rays; abnormalities included infiltrates, pleural effusion, and 640 mediastinal widening. Computer tomography of the chest was performed on eight patients, and mediastinal 641 lymphadenopathy was present in seven (Jernigan et al., 2001 ). Forty-one cases of documented inhalational 642 anthrax from the Sverdlovsk epidemic of 1979 showed that the lesions that were the most severe and 643 apparently of the longest duration were in the mediastinal lymph nodes and mediastinum (Meselson et al., 644 1994 ). There and elsewhere, peripheral transudate surrounded a fibrin-rich oedema; necrosis of arteries and 645 veins was the most likely source of large haemorrhages displacing tissue or infiltrating tissues, respectively; 646 and apoptosis of lymphocytes was observed. Respiratory function was compromised by mediastinal 647 expansion, large pleural effusions, and haematogenous and retrograde lymphatic vessel spread of B. 648
anthracis into the lungs with consequent pneumonia. The central nervous system and intestines manifested 649 similar haematogenous spread, vasculitis, haemorrhages, and oedema. (Grinberg et al., 2001 .) 650 M a n u s c r i p t et al., 2007) . At this time we do not know if this is related to the specific animal species or to a lack of 691 natural antibodies, but it is certain they come from ecosystems in which anthrax was not present. In nature 692 there are no natural self-destructive behaviors and every living being has evolved its own strategies for 693 survival, not only in terms of preservation of their species but also in that of its ecosystem. So could we not 694 hypothesize that B. anthracis has a protective role in the delicate balance of its ecosystem, somehow 695 preserving animal species that are an integral part of that particular area from the possible risk of extinction 696 from infectious diseases introduced by previously unknown animals from different environments? (personal 697
opinion ) 698 699
The control and eradication programs of this disease involves livestock vaccination and the correct 700 management of infected carcasses. Incineration in situ is the best method to reduce the contamination level 701 of soil, but it is not always possible. A major constraint is the low budget that civil authorities assign for the 702 control of this disease. This makes it impossible to use the most cost effective technologies for control 703 programs. A global responsibility should oblige local governments to guarantee sufficient budgets for control 704 and eradication programs of this disease and not just for emergency situations. 705 M a n u s c r i p t 
